Introduction {#section1-S1013702519500082}
============

Mobility is defined in the International Classification of Functioning, Disability and Health (ICF) as "moving by changing body position or by transferring from one place to another, by carrying, moving or manipulating objects, by walking, running or climbing, and by using various forms of transportation".^[@bibr1-S1013702519500082]^ It is a key component of healthy aging and fundamental to involvement in life situations.^[@bibr2-S1013702519500082],[@bibr3-S1013702519500082]^ Frailty and loss of function associated with aging negatively impact mobility and increase risk for injuries and further disability.^[@bibr4-S1013702519500082]^ As a result, frailty can potentially restrict participation and impair quality of life.

A scoping review published in 2015 found that environmental characteristics such as proximity to resources and recreational facilities, social support, public transportation, and neighborhood security are associated with greater mobility in older adults.^[@bibr5-S1013702519500082]^ The review also highlighted that poor user-friendliness of the walking environment and neighborhood insecurity can negatively impact mobility.^[@bibr5-S1013702519500082]^ Such factors may be argued to relate to whether a person lives in a rural or urban setting. Older adults in rural settings have been found to have poorer health compared to their urban-dwelling peers due to greater difficulty in accessing health care and resources.^[@bibr6-S1013702519500082]^ Walking behavior, found to be linked to mobility, also differs since rural-dwelling individuals take less steps per day and engage in less walking compared to urban-dwelling individuals.^[@bibr7-S1013702519500082],[@bibr8-S1013702519500082]^ Walkability, which refers to proximity of environmental destinations and the degree to which these are connected through a street network,^[@bibr9-S1013702519500082]^ may also be higher in urban communities compared to rural areas.^[@bibr8-S1013702519500082]^

Because mobility is multidimensional, its assessment requires a variety of construct-specific instruments that relate to its dimensions (e.g. time constraints, distance, and postural transitions, etc.).^[@bibr2-S1013702519500082]^ These instruments play an important role in diagnosing mobility limitations, aiding prognosis, and measuring progress following intervention.^[@bibr10-S1013702519500082]^ While reference values for these instruments are widely available for interpreting patient scores, most have only considered differences related to age, sex, and ethnicity.^[@bibr10-S1013702519500082]-[@bibr13-S1013702519500082]^ Little is known if such reference values are influenced by residential setting. One study compared functional performance between urban- and rural-dwelling older people using the 7-item Physical Performance Test, an objective measure that includes mobility-related items (i.e., walking and turning).^[@bibr14-S1013702519500082]^ However, only cumulative scores representing overall physical function were reported, thus limiting usefulness as reference data for mobility-specific performance.

This study primarily aimed to explore whether the performance of Filipino older adults on commonly used mobility-specific assessment instruments differed based on residential setting. The secondary aim is to report preliminary reference values according to residential setting. This knowledge will eventually aid clinicians in assessing and interpreting mobility-specific assessment instruments.

Methods {#section2-S1013702519500082}
=======

This study used a descriptive design. The Ethical Review Committee of the University of the Philippines Manila --- College of Allied Medical Professions approved the research protocol. All participants provided written informed consent.

Participants {#section3-S1013702519500082}
------------

Volunteers from urban areas in the National Capital Region and rural areas in southern provinces of the Luzon island in the Philippines participated in the study. Participants were sourced through public announcements, active recruitment from various senior citizen communities, church and leisure groups, and the researchers' networks. The inclusion and exclusion criteria detailed in [Table 1](#table1-S1013702519500082){ref-type="table"} guided participant recruitment.

###### 

Inclusion and exclusion criteria.

![](hkpj-39-091-t001)

  Inclusion criteria                                                                                                                                                                                                                                                                      Exclusion criteria
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  •aged 60 years and higher•able to walk outdoors without need for physical assistance or supervision•able to walk for at least six minutes without experiencing shortness of breath or pain•able to follow simple instructions in English or Filipino•able to provide informed consent   •required an assistive device in standing or walking•had uncorrected visual impairment•had any significant or uncontrolled neurologic, cardiopulmonary, or musculoskeletal condition known to affect balance and mobility (including surgery, chemotherapy, or radiation therapy within the previous six months; acute illness or injury at the time of testing; history of loss of consciousness or falling within the previous three months)

Target sample size was calculated using 10-Meter Walk Test (10MWT), comprising comfortable gait velocity (CGV) and fast gait velocity (FGV), as the main assessment instrument of interest. The hypothesized mean difference between urban- and rural-dwelling older adults was based on reference values from the existing literature.^[@bibr11-S1013702519500082],[@bibr13-S1013702519500082]^ Within-group standard deviation was set to 0.2, desired significance level to 0.05, and power to 0.8. For CGV, the hypothesized true mean difference was 0.1 m/s, and the approximate sample size required per group for this was 64 urban- and rural-dwelling older adults. For FGV, the hypothesized true mean difference was 0.23 m/s and the approximate sample size per group was 13.

Tests and procedures {#section4-S1013702519500082}
--------------------

Data were collected from October 2011 to October 2012. Researchers gathered demographic and health-related information from volunteers through individual interviews to screen for eligibility. Height and weight were measured using a wall-mounted measuring tape and a calibrated weighing scale, respectively. Performance on standardized mobility tests were assessed in the following order to minimize fatigue: 10MWT, Five Times Sit to Stand Test (FTSST), and Six-Minute Walk Test (6MWT). For the 10MWT, researchers tested for CGV first, followed by FGV. Participants underwent two test trials for the FTSST and 10MWT after one demonstration from the researchers and a practice trial. Researchers recorded each participant's average score from the two test trials for each test for data analysis. For the 6MWT, researchers implemented a modified practice trial by asking participants to do one round on the walking course to minimize fatigue. Participants then underwent one test trial for the 6MWT, with the researchers recording the scores from this trial for data analysis. Participants wore comfortable clothing and their usual footwear.

The 10MWT was selected as the primary assessment instrument as it is considered a predictor of mobility disability, mortality, and function in older adults.^[@bibr15-S1013702519500082]^ The test determines a person's gait velocity which can provide information on ability to perform time-constrained tasks encountered in community mobility.^[@bibr2-S1013702519500082]^ Testing for CGV has high to very high test--retest reliability in older adults (ICC $=$ 0.78--0.94)^[@bibr16-S1013702519500082]^ and interrater reliability among individuals with stroke (ICC $=$ 0.98).^[@bibr17-S1013702519500082]^ Testing for FGV has good test-retest (ICC $=$ 0.81--0.99) and inter rater reliability (ICC $=$ 0.87--0.99) among individuals with neurologic conditions.^[@bibr18-S1013702519500082]^ CGV predicts mobility decline in older adults (relative risk $=$ 2.98).^[@bibr16-S1013702519500082]^ FGV has been moderately associated with the Timed Up and Go (TUG) test, a widely-used measure of mobility in older adults $\left( r\operatorname{=-}0.67 \right)$.^[@bibr19-S1013702519500082]^ Researchers administered the 10MWT by instructing participants to walk over a 10-meter level walkway, at a usual or comfortable speed for CGV and as fast as possible without running or losing balance for FGV.^[@bibr10-S1013702519500082]^ Using a stopwatch and while walking with the participant, the rater started the timer as soon as a foot of the participant crossed the second-meter mark and ended it after the foot passed the eighth-meter mark. Thus, the testing protocol recorded the middle six meters of the 10-meter walkway. The reason for the use of this procedure was to facilitate comparison with protocols used in reference values for the 10MWT.^[@bibr10-S1013702519500082],[@bibr11-S1013702519500082]^

The FTSST, while conventionally used to evaluate an older adult's functional lower extremity strength and dynamic balance,^[@bibr20-S1013702519500082],[@bibr21-S1013702519500082]^ also measures mobility as defined in the ICF because it involves transition from a seated position into a standing position and vice versa.^[@bibr1-S1013702519500082]^ Among older adults, the test has excellent test-retest reliability (ICC $=$ 0.89)^[@bibr22-S1013702519500082]^ and correlation with the TUG $\left( r = 0.64 \right)$.^[@bibr23-S1013702519500082]^ Researchers obtained scores on the FTSST by recording the time in seconds taken by the participants to stand up five times from a chair as fast as possible with arms folded across the chest.^[@bibr24-S1013702519500082]^ Timing started as soon as the participant's buttocks were lifted off the chair and ended upon contact during the fifth repetition.^[@bibr22-S1013702519500082],[@bibr25-S1013702519500082]^ A chair that allowed approximately 90 degrees of hip and knee flexion was used for the test.

The 6MWT assesses the farthest distance an individual can traverse in six minutes while providing information on the interaction of musculoskeletal, cardiovascular, and neurologic systems.^[@bibr26-S1013702519500082]^ The test has excellent test-retest reliability (ICC $=$ 0.94--0.96),^[@bibr10-S1013702519500082]^ and concurrent validity with chair stands $\left( r = 0.67 \right)$, standing balance $\left( r = 0.52 \right)$, and gait speed $\left( r\operatorname{=-}0.73 \right)$^[@bibr26-S1013702519500082]^ in older adults. Application of the 6MWT adhered to the guidelines of the American Thoracic Society, in which a straight 20-meter level-surface walkway was used to measure distance covered at a self-selected pace continuously for six minutes.^[@bibr27-S1013702519500082]^

Data analysis {#section5-S1013702519500082}
-------------

Researchers used SPSS 20 for Windows (IBM Corporation, Armonk, NY, USA) for statistical analysis. Data were analyzed based on residential setting (urban versus rural). Overall, mobility test scores followed a normal distribution (Kolmogorov--Smirnov test, $p > 0.05$) and therefore means, standard deviations, and 95% confidence intervals were reported. Levene's test revealed generally equal variance across all datasets $\left( p > 0.05 \right)$. Thus, mobility test performance between urban and rural groups was compared using an independent samples $t$-test, with significance level set at 0.05. For data to be clinically useful and to facilitate comparisons with existing reference values, age- and sex-related descriptive data were reported as well. Age brackets by decade similar to existing studies on reference values for mobility tests were used.^[@bibr10-S1013702519500082],[@bibr13-S1013702519500082],[@bibr21-S1013702519500082]^ Each age group was further divided to subgroups according to residential setting (i.e., 60--69 rural, 60--69 urban, 70--79 rural, and 70--79 urban) and mobility performance of rural- and urban-dwellers within the same age group was compared using an independent samples $t$-test. Similar subgroups were formed and compared based on biological sex and residential setting (i.e., male urban, male rural, and female urban, and female rural). All the subgroups followed a normal distribution based on visual inspection and the Shapiro--Wilk test $\left( p \geq 0.05 \right)$.

RESULTS {#section6-S1013702519500082}
=======

A total of 180 Filipino older adults participated in the study. Demographic characteristics are presented in [Table 2](#table2-S1013702519500082){ref-type="table"}. The sample comprised a larger proportion of female participants (60%, 108/180) and urban-dwellers (69%, 125/180). Mean age of participants was $67.58 \pm 5.41$ years.

###### 

Participant demographic data.

![](hkpj-39-091-t002)

                    Entire sample $\left( n = 180 \right)$   Rural $\left( n = 55 \right)$   Urban $\left( n = 125 \right)$                                     
  ----------------- ---------------------------------------- ------------------------------- -------------------------------- ---------------- ---------------- ----------------
  Age (year)        67.58 (5.41)                             66.78--68.37                    67.16 (5.30)                     65.73--68.60     67.76 (5.46)     66.79--68.73
  Height (cm)       155.85 (10.45)                           154.31--157.39                  157.56 (7.57)                    155.71--159.80   155.01 (11.42)   152.99--157.03
  Weight (kg)       53.18 (10.58)                            51.63--54.74                    53.10 (7.85)                     50.98--55.22     53.22 (11.60)    51.17--55.28
  Body mass index   21.87 (3.89)                             21.3--22.44                     21.30 (1.87)                     20.80--21.81     22.12 (4.49)     21.33--22.92

Mobility test performance is summarized for all participants and is according to residential setting in [Table 3](#table3-S1013702519500082){ref-type="table"}. Urban-dwellers demonstrated consistently higher scores compared to their rural-dwelling counterparts on the 10MWT (both CGV and FGV), FTSST, and 6MWT $\left( p < 0.001 \right)$. The differences were observed even when values were presented according to age ([Table 4](#table4-S1013702519500082){ref-type="table"}) and sex ([Table 5](#table5-S1013702519500082){ref-type="table"}) $\left( p < 0.01 \right)$. Those living in urban areas consistently walked faster for both CGV and FGV, had faster (lower) FTSST times, and covered farther distances on the 6MWT compared to their rural counterparts.

###### 

Participant scores according to residential setting.
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          Entire sample $\left( n = 180 \right)$   Rural $\left( n = 55 \right)$   Urban $\left( n = 125 \right)$   Rural versus urban                                 
  ------- ---------------------------------------- ------------------------------- -------------------------------- -------------------- -------------- -------------- ----------
  FTSST   9.29 (2.64)                              8.90--9.68                      11.06 (2.57)                     10.36--11.75         8.51 (2.27)    8.11--8.92     $<$0.001
  6MWT    409.8 (96.0)                             395.7--423.9                    303.1 (54.4)                     288.4--317.8         456.7 (69.0)   444.5--468.9   $<$0.001
  CGV     1.17 (0.21)                              1.14--1.20                      1.01 (0.12)                      0.98--1.04           1.23 (0.20)    1.20--1.27     $<$0.001
  FGV     1.50 (0.27)                              1.46--1.53                      1.34 (0.21)                      1.28--1.39           1.57 (0.26)    1.52--1.61     $<$0.001

*Notes*: CGV $=$ Comfortable gait velocity; CI $=$ Confidence Interval; FGV $=$ Fast gait velocity; FTSST $=$ Five Times Sit to Stand Test; SD $=$ Standard Deviation; 6MWT $=$ Six-Minute Walk Test.

###### 

Age-related reference values according to residential setting.

![](hkpj-39-091-t004)

          60--69 years     Rural versus urban   70--79 years     Rural versus urban                                                                                  
  ------- ---------------- -------------------- ---------------- -------------------- ---------- ---------------- ---------------- ---------------- ---------------- ----------
  FTSST   11.18 (2.48)     10.35--12.01         8.30 (2.22)      7.81--8.80           $<$0.001   10.80 (2.79)     9.41--12.19      8.89 (2.34)      8.18--9.59       0.007
  6MWT    313.22 (53.04)   295.54--330.90       465.93 (61.23)   452.30--479.55       $<$0.001   282.40 (52.50)   256.29--308.51   440.29 (78.98)   416.56--464.02   $<$0.001
  CGV     1.03 (0.13)      0.96--1.08           1.24 (0.18)      1.20--1.28           $<$0.001   0.96 (0.11)      0.91--1.02       1.22 (0.23)      1.15--1.29       $<$0.001
  FGV     1.40 (0.22)      1.32--1.47           1.59 (0.24)      1.54--1.64           $<$0.001   1.21 (0.14)      1.14--1.28       1.52 (0.29)      1.43--1.61       $<$0.001

*Notes*: CGV $=$ Comfortable gait velocity; CI $=$ Confidence Interval; FGV $=$ Fast gait velocity; FTSST $=$ Five Times Sit to Stand Test; SD $=$ Standard Deviation; 6MWT $=$ Six-Minute Walk Test.

###### 

Sex-related reference values according to residential setting.
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          Male             Rural versus     Female           Rural versus urban                                                                                  
  ------- ---------------- ---------------- ---------------- -------------------- ---------- ---------------- ---------------- ---------------- ---------------- ----------
  FTSST   12.01 (2.23)     10.78--13.25     7.71 (1.88)      7.21--8.21           $<$0.001   10.70 (2.62)     9.86--11.54      9.19 (2.34)      8.62--9.76       0.003
  6MWT    327.58 (47.76)   301.13--354.02   491.12 (63.12)   474.37--507.86       $<$0.001   293.97 (54.39)   276.57--311.36   427.85 (60.15)   413.29--442.41   $<$0.001
  CGV     1.08 (0.12)      1.01--1.14       1.23 (0.19)      1.25--1.35           $<$0.001   0.99 (0.12)      0.95--1.03       1.18 (0.19)      1.13--1.22       $<$0.001
  FGV     1.49 (0.21)      1.38--1.61       1.72 (0.24)      1.65--1.78           0.002      1.28 (0.19)      1.22--1.33       1.44 (0.20)      1.39--1.49       $<$0.001

*Notes*: CGV $=$ Comfortable gait velocity; CI $=$ Confidence Interval; FGV $=$ Fast gait velocity; FTSST $=$ Five Times Sit to Stand Test; SD $=$ Standard Deviation; 6MWT $=$ Six-Minute Walk Test.

Discussion {#section7-S1013702519500082}
==========

Findings suggest a consistent pattern of higher performance across mobility-specific assessment instruments among urban-dwellers compared to rural-dwellers. To our knowledge, this is the first study that compared mobility-specific test scores between urban- and rural-dwelling older adults. Thus, direct comparison of findings to existing literature is limited. However, overall findings relate with those of a probability study that found higher functional status among urban-dwelling compared to rural-dwelling Filipinos on the 7-item Physical Performance Test.^[@bibr14-S1013702519500082]^ As highlighted in the literature, proximity to resources and recreational facilities, social support, public transportation, and neighborhood security positively impact mobility of older adults.^[@bibr5-S1013702519500082]^ On the other hand, poor user-friendliness of the walking environment and neighborhood insecurity limit mobility.^[@bibr5-S1013702519500082]^ Rural areas in the Philippines, being generally less-developed compared to urban areas, offer limited key walking destinations such as public transits, neighborhood shops, and services. Walking routes may also be perceived as less safe because of inadequate street lighting and traffic control. All of these have been linked to less walking activity^[@bibr28-S1013702519500082]^ and likely impact on mobility in a negative way. Differences in social roles between older adult cohorts in different residential settings should also be considered, for example among women in rural areas who often engage in caregiver/home management duties. Such responsibilities have been found to be a barrier for leisure-time physical activity^[@bibr29-S1013702519500082]^ and thus may negatively affect physical performance.

When preliminary reference values were presented according to age- and sex-based subgroups, the pattern of higher mobility test scores among urban-dwellers compared to rural-dwellers was still consistently observed. Further division of the data into subgroups allowed comparison with existing reference values. Overall, mobility performance of the rural-dwelling participants on the 10MWT (both CGV and FGV) and 6MWT aligns with the reference values obtained from rural-dwelling South East Asian and North East Asian cohorts.^[@bibr11-S1013702519500082],[@bibr13-S1013702519500082]^ Aoyagi *et al.* obtained CGV and FGV from 151 rural-dwelling Japanese older adults, although only women were recruited in their study.^[@bibr11-S1013702519500082]^ Thaweewannakij *et al.* recruited most of the 1030 well-functioning older adults in their study from rural and semi-rural communities in Thailand (Thaweewannakij T, PhD, 2014, e-mail communication, 15^th^ August). In comparison, mobility performance of urban-dwelling participants on the CGV and FGV was similar to that of 604 urban-dwellers in the same study involving Japanese older women by Aoyagi *et al.*^[@bibr11-S1013702519500082]^ Interestingly, the means and confidence intervals of the urban-dwelling participants' 10MWT and 6MWT scores were closer to the reference values reported for Caucasian cohorts than for the Thai cohort.^[@bibr10-S1013702519500082],[@bibr13-S1013702519500082],[@bibr21-S1013702519500082],[@bibr30-S1013702519500082]^ However, it was unclear from which residential setting the Caucasian cohorts had been recruited.^[@bibr10-S1013702519500082],[@bibr21-S1013702519500082],[@bibr30-S1013702519500082]^ These patterns in mobility performance on the 10MWT and 6MWT support the hypothesis that residential setting may be an influencing factor in the mobility performance of community-dwelling older adults.

Urban-dwellers in the present study had similar FTSST scores to the urban-dwelling Japanese women in the study by Aoyagi *et al.*, although they found that the scores of urban- and rural-dwelling Japanese older women on the FTSST were not different.^[@bibr11-S1013702519500082]^ An important factor that might have contributed to their observation would be the Japanese culture of squatting which had been linked to better sit-to-stand performance.^[@bibr11-S1013702519500082]^ FTSST scores from rural-dwellers in this study were similar to those reported by Thaweewannakij *et al.* for rural- and semi-rural-dwelling Thai older adults, and by Bohannon in a meta-analysis of study results obtained mostly from American older adults.^[@bibr13-S1013702519500082],[@bibr20-S1013702519500082]^ While similarity of scores with the Thai cohort may be attributed to similarities in participant characteristics, it would be difficult to elucidate the similarities with the findings of the meta-analysis because residential setting was not specified in most of the included studies.^[@bibr20-S1013702519500082]^

The study results serve as a good foundation for confirmatory research that can provide a more precise picture of the extent to which mobility test performance differs according to residential setting. Results also provide a basis for studies that will clarify the need to consider residential setting in addition to the already-established age, sex, and ethnical (i.e., anthropometric) factors. Clinicians may then acquire a better understanding of mobility in older adults and more accurate interpretation of scores on mobility assessment instruments. It would also be worthwhile to investigate whether a similar extent of rural--urban difference exists in different regions in consideration of inter-region differences in socio-cultural and environmental characteristics. Should future research confirm residential setting as a critical factor in interpreting mobility test scores, population-specific reference values must be revisited as well. In developing countries, a larger population of older adults live in rural communities than in urban communities, while the opposite has been observed in more developed areas.^[@bibr31-S1013702519500082]^ Existing reference values that were obtained from majorly urban or rural samples or were from studies that did not report residential setting may need to be used with caution when making clinical judgments regarding the mobility of older people.

Lastly, the impact of environmental, socio-cultural, and health-related factors on mobility could not be confirmed in this preliminary investigation since it was beyond the objectives. Therefore, future research should endeavor to clarify whether some of these factors (e.g., specific environmental characteristics, social roles and level of physical activity) can explain why mobility test performance differs among older adults in urban and rural communities. Factors associated with residential setting that relate to better or worse normative performance on mobility tests may also be identified through further research. Such studies can widen clinicians' perspectives of the range of mobility test performance that constitutes normal mobility in community-dwelling older adults.

Careful consideration of the study limitations is required when interpreting the study results. Due to the convenient nature of sampling and relatively small sample size, findings of this study may be a preliminary representation only of how urban- and rural-dwelling older persons comparatively perform on the mobility tests. While the sample size for urban-dwelling participants met the projections for CGV and FGV, the sample size for the rural-dwelling group met the projection for FGV only. Fewer participants aged 70--79 were also recruited. It should be noted too that the testing methods for the 10MWT and FTSST in this study aligned with some published studies and differed from others in the literature. This study's protocol for the 10MWT involved measuring time over the middle six meters of the 10-meter walkway, similar to previous studies reporting reference data for mobility-specific tests for older adults.^[@bibr10-S1013702519500082],[@bibr11-S1013702519500082]^ However, future studies may consider measuring time over the middle four meters of the walkway instead, similar to the methodology used by Thaweewannakij *et al.*, to factor in acceleration and deceleration effects that may take up to three meters.^[@bibr13-S1013702519500082],[@bibr32-S1013702519500082]^ The method for timing the FTSST in this study was consistent with previous studies,^[@bibr22-S1013702519500082],[@bibr25-S1013702519500082]^ while other studies used a different methodology^[@bibr13-S1013702519500082]^ or did not provide sufficient details to allow comparison.^[@bibr11-S1013702519500082],[@bibr21-S1013702519500082]^ Such methodological differences must be considered when using data from different studies. Future studies should use a uniform testing protocol to facilitate comparison across studies. Lastly, because participants were recruited from the Philippines, the patterns observed in the mobility test performance of this cohort may not necessarily be generalizable to other countries that do not share similar characteristics of rural--urban settings with the Philippines.

In conclusion, this study provides preliminary evidence on the influence residential setting on mobility test performance of older adults. The study is useful in generating a hypothesis regarding mobility performance differences between urban- and rural-dwelling older adults. However, future research should test the hypothesis using an appropriate research design and sample size. This study also highlights the importance of examining further what underpins the differences in mobility performance among older adults based on residential setting. Results of the study serve as a good starting point for a series of studies that will lead to a better understanding of how environmental, socio-cultural, and health-related factors influence mobility among older adults.
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